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the relative muscle area occupied by ST (Type I) fibers. Further more, 927%

of the variance in OBLA could be explained by %ST area + capillary density.

It is suggested that both inherent and adaptative qualities of the exercising
muscle are of significance for the onset of blood lactate accumulation.
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Abstract

Tesch, P.A., D.S. Sharp, and W.L. Daniels. Influence of Fiber

Typae Composition and Capillary Density on Onset of Blood Lac-
tate Accumulation. Int. J. Sports Medicine. Vol. 0, No. 0, 000-0f(

0600.

Onset of blood lactate accumulation (OBLA) was determined in
sixteen healthy and physically active men (23-33 yrs) during
cycling using a continuous step-wise increased exercise intensity
protocol. OBLA was defined as the exercise intensity correspond-

1 blood. Oxygen

ing to a lactate concentration of 4 mmol-1l_
consumption, pulmonary ventilation, respiratory quotient (R),
neart rate and lactate concentration were monitored during each

excearcise intensity. Muscle biopsies were obtained Iroi m. vastus

tateralis at rezst for determination of fibar type comnosition

anc caplillary density. Calculated values (moaxn SD) for exercise
intensity, oxvgen consumption and ventilaticn &t C3LA were
159(-37)wW, 2.43(:0.47) l-min_l and 49.8(:10.53) l-min_l or
65(+10) % of VOoypay- OBLA (% Vgypax) Was found to correlate
significantly (r=0.75, p<0.001) to the relative muscle area
occupied by ST (Type I) fibers. Furthermore, 923 of the variance
in OBLA could be explained by % ST area + capillary density. It
is suggyested that both inherent and adaptative qualities of tho

cxercising muscle are of significance for tho onset of blood

lactate accumulation.
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Introduction

The exercise intensity, corresponding to the onset of a net
accumulation of lactate in blood, has becen proposed to represent
ne dminadly
a metabolic shift from aerobic to prevalent anacrobic energy
contribution {32). As originally described by Margaria et al.
(22) a proportionally greater increase in pulmonary ventilation
compared to oxygen consumption occur’at exercise intensities in
B _ the order of 50-60% of maximal oxygen uptake (oozmax)- To com-—
nensate for acidosis, caused by an enhanced lactate formation
during heavy exercise ventilation increases out of proportion
to oxygen uptake according to Wasserman et al. (37). Numerous
studies have also reported lactate accumulation above resting
values at exercise intensities equivalent to 50-60% Q02max (7,

L7, 23). It has aiso been shown tnat onuet of lactate accunulazico

=

auaurs  ab higner absolute and relative emeorcise intensitics
in trainoeda athletes than in moderately or non-trained individuals
(6, 7). A recent study (13) emphasized the significance of muscle
respiratory capacity and fiber type composition for onsct 65

lactate accumulation during cycling exercise. It was found that

individuals with a predominance of slow twitch (type 1) fibers

* i and a high muscle respiratory capacity in m. vastus lateralis

3 ) had a higher lactate threshold than individuals with muscles
rich in fast twitch (type II) fibers and a low capacity to
oxidize pyruvate in vitro. In accordance, Sjiddin and Jacobs (30)

recently studied marathon runners and wore able to demonstrateo

- - o

@ relationship between fiboer type conposition and the running

| valocity at which lactate stavrts to accumulate in blood (Vopna) -

tHoreover, significant corrclations between Venpa and both muscle




capillary density as well as the activity of key enzymes reqgu-
lating glycolysis and the Kreb's cycle have been demoustrated
{30, 31). The following experiments were intended to further
study the influence of muscle fiber type composition and capil-
lary density on onset of blood lactate accumulation during

cycling exercise.

Methods
Sixteen male subjects volunteered for this study. They were
all accustomed to heavy physical exercise and were engaged in

o

iifferent exercise programs (e.g. endurance running, strength-

A
()]

-training, general conditioning) at the time of the study. ©
(range) valuces for age, height and weilght were 27 (23-33) vy,

176 (165-186) cm and 78 (67-99) kg. Prior to giving their written
consent, subjoects were inicrmed of the purpose and the risks
essociated with the experiments.

Maximal oxygen uptake (002ﬁax) was measured during cycling
(60 rpm) on a Monark ergometer. Exercise intensity was increascd
by 30 W every second minute until exhaustion. Respiratory para-
meters and heart rate were monitored during the last 30 scconds
at higher work ioads and VQZmax was defined according to the
"leveling off" criterion.

The following protocol was applicd to detcrmine the onsct
of bloond lactate accumnulation (OBLZ) during cycling (21, 30).
After a 3-4 min warm-up period at 60-90 v, initial work load

was set individually. Trois Ioad ooanged fron 90 to 150 W oanld caualled

45 (33-58) ¢ of Vo;m]y' Continuous cxercise was performed at
- L >




ST A T T T e

a pedaling frequency of 60 rpm and with a 30 W increment every

fourth minute. Subjects cycled at least 4 loads until voluntary

exhaustion or near exhaustion. Respiratory parameters and heart
rate were monitored during the final 30 seconds of each work
load. Venous blood samples were simultaneously collected through
an indwelling catheter for subsequent analyzes of lactate con-
centration (28). The relationship of lactate concentration,
oxygen consumption and pulmonary ventilation to exercise inten-
sity was plotted for each subject. OBLA was defined as the exer-
cise intensity which corresponded to a lactate concentration

of 4 mmol'l--l blood. OBLA was found to vary less than 2% in
three subjects, who repeated the experiments on two differont
occasions.

uscle biopsies (1) were obtained fron the vastus latervalis
muscle ot the lofit leg at rest. Tissue saxnles were frozon
treated and analyzed for muscle fiber type composition (% slow
twiteh (ST) fibers, % ST arca), fast twitch (FT), ST and mean
fiber area as described by Tesch (34) as well as capillaryv den-

sity (1).

Results

Maximal oxygen uptake and fiber type composition in the
present study ranged 39-62 ml'kgﬁl-min_l and 34-82% ST area,
respectively. Information on some physiological and histocheoii-
cal parameters is listed in Table 1. Blood lactate concentration
at. rest averaged (:tSD) 1.4 (+0.3) mmol'L_l. Mean (+SD) valuces

for oxyyen consumption, pulmonary ventilation, respiratory

quotient (R), heart rate and blood lactate concentration at




different exercise intensities are described in Table 2. Cal-

culated values, obtained from individual plottings, for exercise
intensity, oxygen consumption and ventilation at OBLA were

159 (-37) W, 2.43 (+0.47) l-min_1 and 49.8 (-10.5) l-min—l. These
values corresponded to an exercise intensity equivalent to 65
(+10) % of VOpmay- EXercise intensities calculated to correspond
to blood lactate concentrations of 3 and 5 mmol-l_l, respectively
were found to correlate highly to OBLA (4 mmol-l_l). The corre-
lation coefficients were 0.94 (3 vs. 5 mmol-1"%) 0.95 (3 vs

4 mmol-1"Y) and 0.99 (4 vs. 5 mmol-171). A positive relationship
(r=0.75, p<0.001) was demonstrated between the relative exercise
intensity (% of OOZmax) ecuivalent to OBLA and = ST arza (Fig. 1)
i.e. the larger the volume of ST fibers the closer to ?QZmax the
subjects could exercisa. Positive relaticnznizs (r=0.71-0.72,
p 0.01) werc also presant betwesn OBLA and thz corresnonding O
consumption, expressed eitioer abzolunely or rzlative Lo body
welght. No correlation was demonstrated betwesn O2 consumption
at OBLA and $ ST area. No significant correlaztions =were obtained
between capillary density nor {meax and O3L%. However, rnwltinle
regression analyses revealed that 92% of the variance in OBLA
could be explained by % ST arca + capillary density (cap-mm—z)
(R=0.96}). A slightly, but not significantly higher corvelation
(R=0.98) was obtained if QOZmax was added as a third independont
variable. OBLA did not parallel changes in QE/QQZ, and in most

cases a "break away" in Vg/Vp, responsce was not even obscrvad.

Discussion
In numcrous previous studies onset of lactate accumulation in

blood during exercise with progressively increases in intensity
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has been examined to describe metabolic changes referred to as
acrobic and anaerobic thresholds as suyggested by e.g. Skinncr
and McLellan (32). To assess the "breaking point", which re-
presents a pronounced, increased glycogenolytic energy contri-
bution, Mader et al. (21) have presented data supporting a

"lactate threshold" corresponding to 4 mmol'l~l

blood. Likewise,
a leveling-off 1in lactate release from the exercising rwscle
occurs when the intramuscular concentration of lactate has
reached approximately 4-5 mmol'kg~l wet weight (16, 18). This is
consistent with the findings that the maximal exercise intensity
which can be maintained by athletes in endurance events in the
order of 30-60 minutes, secems to be performzd with similar blood
lactate levels (5, 20, 35). In the present szudvy the experimoenta’

design introduced by Mader and co-workers was anplicd to define i

-

onset of blood lactate accumulation. To assuze adeuucioe notabo-
lic adjustments due to the progressive increments i1n exercisc
intensity during testing, each load was performed for four

minutes (30). The rationale for using a concentration of

4 mmol-l—l to define onset of lactate accumulation may be ques-

tioned. The fact that the exercise intensity corresponding to %
this level was highly correlated to exercise intensities equi-
[ o - l 1. -
valent to both 3 and 5 mmol-1l blood sugyests that alternative
: . .1
concentrations (at least in the range 3-5 mmol"l 7)) may reflect
Lthe same metabolic events.
The main finding of the present study wag the relationship

established between OBLA on one hand and fiber type distribution

and capillary fregquency. Recently, Ivy et al. (13) demonstrated

a very close relationship between in vitro pyruvate oxidation
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capacity of muscle homogenates and either absolute (oxygen

consumption) or relative (to maximal oxygen consumption) lac-

tate threshold. Positive correlations were also observed between
lactate threshold and percentage of ST fibers and OOszx.
S$jédin and Jacobs (30) and Sjodin et al. (31) have presented
information along the same linec. Thus, in marathoners, the mecan
marathon velocity was directly relatzsd to tre treadmill running
velocity required to elicit the onset of lactate accumulation.
Furthermore, the velocity corresponding to O3LA (Vppra) was
positively related to % ST area, capillary density and citrate
synthetase (CS)/phosphofructokinase or CS/lactate dehydrogenase
activity ratio. This suggests that ¥2yv stepns in tne matabolic
pathways, associated with the regulation of zlvcouznolysis and

muscle respiration are of significance for oo =

r
™
3
(%]
o
r

where lactate starts to accuniiate in blesd

The efficiency in the rate o:f lactate rel-ase from inuscle is

rh

-

vy
P

probably reflected by the density e} vascular bed surround-
ing the activated muscle fibers. One can therefore speculate

R that the effects of a well developed capillary network during
submaximal exercise, where lactate formation occurs would be
less likely concerned with the oxygen delivery capacity but
probably more related to facilitating effluv of lactate from

muscle. In short term, intense, local muscular puriornance,

i where oxygen transport to the exorcising limbh is net essential

B for actual performance (19, 34), "lactate rclease" following

cxercise was found to correlate to capillary density. In contrast

during very heavy exercise activating large nuscle groups and

with a pronounced oxygen demand, the rate of acceleration of O
[ .

2
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uptake at onset of excrcise scemed to be dependent on capillary
density (Tesch, unpublished observations).

Ample information concerning the differences in the metabolic
profile of the two main fiber types in human (1, 8, 29, 34, 36)
provides support for a delayed onset of blood lactate accumu-
lation in individuals with muscles rich in ST fibers. As con-
cluded by Ivy and co-workers the "cause-effect" relation in this
context is ambiguous. Even though individual fiber type composi-
tion seems_to be rather constant, modifications may take place
as a result of physical training (15). The findings obtained by
Pedersen (24) can be interpreted to reflect individual variation:
in training background. He observed a correlation between lactate
threshold and porcentage of type IIA fibers. These fibers have

baren found to ilnurease 1n propoction to total percentage of type
1 fibeors due to nodorately intense acrobic training (10). In
contrast to ribor type cowposition, enzyme Cctivities represent-
ing alycogenolysis, Kreb's cycle and the electrontransport chain
as well as capillary density are very sensitive to changes in
the environmental stress (26). Intcrestingly, Sjodin et al.

(31}, who recorded training volume for their subjects during

a two month period, were also able to relate differences in

OBLA to individual variations in training distance coveved prior
to their investigation. In running experinenis interindividual
differences in mechanical cificicncy have also to be considered.
One can speculate that alterations in mechanical efficicncy,
independent  of changes in the cardiovascular system or the ATP
regenerating systoem of the musele, may occur as a result of

training and thus influcencing OBLA (Komi, pers. commn.). In

Lremrmeys o OO G eee s L,
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cycling exercise, on the contrary, mechanical efficiency is
relatively constant when couparing individuals (2). Moreover,
the efficiency of muscular work during cycling helow 807 of
002max at 60 rpm is not influenced by differences in muscle

fiber composition (33). Hence, variations in OBLA can solely

be explained by differences in the metabolic response to exercise

which is determined by factors such as oxygen delivery capacity
(25, 27), muscle metabolic profile (26), diet (14), hormonal
regulation (9), physical activity level (11, 12, 25) etc.

In conclusion, the combined effect of fiber type composition
and capillary density predicts with high accuracy the fraction
of QQZmax, which can be utilized during submaximal cycling exer-
cise, without pronounced wlcod lactate accurulation. 1t is

)

sugoestad that booh inharent and anviconmintal

IND

acoors will con-

Lribute to tiilis rolationship.
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conli L. bescription of physiological ard nistochemical

variables. Values are means, SD and range (n=16)

O2max

l-min“l

VOZmax

ml~kq“l-min—l

09

ST

o

ST area

mean fiber area,
-2
100 - .1

DT/ST area

zapillary density,

cap -mn

cap-fib"l

mean

3.78

48 .7

54

49

66

409

12

15

17

range

3.00-4.50

38.6-61.5

41-81

34-82

39~-107

)

0.84-1.

%)
!

1.12-2.25

e o A S
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FIGURE LEGEND

Fig. 1. The rclationship between muscle fiber type composition

(3 ST area) of m. vastus lateralis and onset of blood lac-

tate accumulation, expressed as percentage of Vo2max'







